Abstract. The new form of breakdown parameter is proposed and the applicability of this parameter to shock wave flow and to shear flow has been established. This form of parameter may be applied to solutions of Boltzmann equation or to Navie-Stokes equations. Burnett constitutive relations for stresses and heat flux were analyzed in shear flow, shock wave flow, flows past circular cylinder and past plane plate at zero angle of attack. The generalization of Newton-Fourier (Navier-Stokes) relations for plane nonequilibrium flow (based on macroscopic equations established for Couette flow and for cylindrical expansion into vacuum) is proposed
INTRODUCTION
The investigations of nonequilibrium and near continuum flows, use of various continuum equations (NavierStokes, Burnett equations continuum breakdown parameter for estimation of capability continuum equations. It is desirable to have unique parameter for application to various flows. This parameter must be local [1] . There was introduced local Knudsen number, where characteristic length was defined by inverse relative gradient of density [1] , temperature or mean free path [2, 3] . More refined parameter (with estimation of difference between heat flux tensor in 20-moment and heat flux vector in 13-moment approximation) was introduced in [4] . This parameter is convenient for determination in DSMC computation, but can not be applied in Navier-Stokes computations. Moreover for Couette flow it can't be used in middle region, because there nonequilibrium is strong, but heat flux in any approximation may be small. But in papers [4, 5] all is contained, that need for constructing the parameter, which can be used both in kinetic and in continuum computations. Here it is demonstrated the applicability of parameter, based on 13-moment approximation of distribution function.
The nonequilibrium parameter usually is used for determination of applicability Navier-Stokes equations. If it is established the breakdown of these equations, than there is hope to apply more complex equations for description flows with strong nonequilibrium. This hope relates also to Burnett equations. Known defects of Burnett equations (short-wave instability, lack of correct boundary conditions) may be overcame if there is assurance in applicability of Burnett constitutive relations for stress and heat flux. Below the comparison of Burnett constitutive relations with transport parameters (stress, heat flux) computed by DSMC is carried out for one-dimensional problem of shock wave and for plane problem of hypersonic flow past circular cylinder.
The results of previous research lead to conclusion of potential opportunity of construction the macroscopic equations for description of nonequilibrium flow past relatively cold bodies. This conclusion based on the fact of small thickness of Knudsen boundary layers. Additional confidence of this opportunity gives the analysis of Couette flow [6] [7] [8] [9] . It was shown the structure of normal Hilbert solution of Boltzmann equation for Maxwell molecules at arbitrary nonequilibrium [6] .Than the constitutive relations for stress and heat flux were determined for BGK model kinetic equation [7] by analytical approach and for Boltzmann equation [8, 9] by DSMC solution. The possibility of construction the constitutive relations similar to relations in Couette flow was shown for shock wave flow [10] and for spherical expansion flow into vacuum [11] . The first attempt to construct the more general equations for arbitrary flow was made in [11] . It was shown that this approach may be useful. The constitutive relations with stress and heat flux dependence only on first derivative of velocity and temperature are derived. The constructed generalization of Navier-Stokes constitutive relations is compared with the transport parameters, computed for hypersonic flow past cold plane plate at zero angle of attack.
Our analysis aimed on constructing parameter, which may be used for determination of flow zones with different method of description: kinetic or continuum. The parameter must be the same, however computing in zone are carried out by kinetic or continuum methods. The most important needed feature of asked parameters is applicability to various flows. The proposed parameters are close to parameters of [4, 5] , it may be coincides with [12] and are constructed on Grad's 13-moments approximation for distribution function: One peculiarity of Couette flow is in zone, where temperature and density gradients are small and velocity is close to zero, so the local Knudsen number values are small also, though the nonequilibrium is strong. In this case the stresses give more adequate estimation of extent of nonequilibrium, Fig.2 . This result is similar to result of [13] .
BURNETT CONSTITUTIVE RELATIONS
The attempts to use Burnett equations for description of nonequilibrium flow demand analysis of its applicability to various flows. Here there is analysis of Burnett constitutive relations for shock wave flow and for flow past circular cylinder. The values of velocity and temperature for calculation of constitutive relations are taken from DSMC results. In shock wave the structure of Burnett constitutive relations may be presented in following form: 
The components of stress and its profile in strong shock wave are shown on Fig.3 . It is seen from comparison with DSMC result that there is improvement of Newton constitutive relation by Burnett relation, but this improvements is not full. Moreover, all components of Burnett stress is of the same order and none components may be extracted. Therefore all attempts of modification of Burnett equations by extracting some members of constitutive relation are not correct. The same analysis for heat flux is done on Fig.4 . Though the maximum absolute value of heat flux is The results show, that Burnett approximation for transport parameters don't give adequate estimation, if these parameters badly described by Navier-Stokes approximation.
GENERALIZED NAVIER-STOKES RELATIONS FOR PLANE FLOWS
The method for construction of generalized Navier-Stokes equations for nonequilibrium hypersonic rarefied flow past cold bodies is described in [11] . This approach is verified on the example of most difficult problem for macroscopic theories: determination of transverse to temperature gradient heat flux component. Let us consider Then define the heat flux in Couette flow with hard sphere molecules by this way [8, 9, 11] 
The more simple approximation, based only on Couette transport functions may be constructed as in [11] , but for hard sphere molecules (2) .
The values of this component of heat flux are shown on Fig.7 at two values of coordinate along plate (for two values of Reynolds number).
It is seen, that these approximations may give better results than traditional Burnett equations.
